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SYNOPSIS

1. The tests reported herein were conducted to determine: (1) the
maximum STS armor plate thickness which the 1000 1b. Low Drzag

G.P, Tomb Type BEX 10 Mod 12 will penetrete at 1000 ft./sec. velocitw
and remszin in effective bursting conditions; (2) the maximum thick-
necs of reinforced structural concrete the bomb will penetrate at
1000 ft./sec. velocitv and remain in effective bursting condition;
(3) in accordance with reference (¢) to compare hombs finished by
heat treating with those finished by normalizing; (4) any points of
weakness or cause of fallure in the design, and (5) chemical and
metallurgical properties of the bomb body.

2. It is concluded that:

z. The maximum STS armor »late thickness which the normalized
bomb will penetrate and remain in effective bursting condition, at
a velocity of 1000 ft./scc. and 20° obliquity, is nominal 1425
plate, as reported in NPG Confidential Keport Number 748. Bomb
body deformation is probably not severe enough to cause deflagration
of an explosive fililer.

b. Under the samc conditions, thc corresponding thickness for
the quenched and drawn boib is nomiral 1438 STS armor plate. The
two rounds fired under the above conditions remaincd effective and
intact. Body deformation was probablv not severe e¢nough to cause
deflagration of an explosive filler. It appcars that the heat
treated bomp will penctrete a greater thickness of STS armor plate
then will the bomb finishced by normalizing.

c. The maximum thickness of rcvinforced concrcte which the heat
treated bomb will penctrate and remain in effective bursting con-
dition, at 1000 ft./s<c. striking velocity and 20° obligquity, is
24 inches. Two bombs were firced sctisfactorily under these con-
ditions. Two additional bombs fired at 30 and 36 inches of rein-
forced concrete were not cffcetive, both bombs breaking into two
picces.

d. No bombs finishcd by normalizing werc fircd at reinforced
concrete during this test, However, from thc¢ reusults of a previous
tust as reported in NPG Report Number 748, it is apparent that
under the same conditions the¢ maximun thickness of reinforced con-
crcte for the normalized bomb is also 24 inches.
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€. DBombs heat treated by quenching in oil from I500°F and
drawing at 1100°F followed by a water quunch have better ballistic
qualitics than thosc produced by normalizing only.

f. Quenched and drawn bombs have lower temperatures of tran-
sition from ductile to brittle behavior and thus would he more
effective at low temperaturcs than normalized bombs,

3. It is recomméndod that thc design of the nosc fuze hole be
reviewed for the purposc of strengthening the structures at this

- point,
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PART B
INTRODUCTION i
/
1. AUTHORITY: /
These tests were authorized by reference (a) and conducted |

under Task assignment NPG-Re3c-321-1-52.
2. RLFERENCESS R

a. BUORD Conf ltr Rc3c-LiiEstedb NP9 Ser 25671 of 14 Sep 1951
b. Task Assignment NPG-Rcl3c=-321-1 - zyﬂ_@

¢. IPG Conf Report Number 646 ¢ 5 577 -

d. NPG Conf Report Number 748

ce. National Tube Co., Preclinminary Sk. Number 142

3. BACKGROUND:

In the doevclopment of a family of low drag bombs for external
suspcnsion on high speed aircraft, the Naval Proving Ground has
conductced plate penetration tests and metallurgical examination
on the 1000 1b. Low Drag G.P. Boub Type EX 10 and Type EX 10 liod 3.
Reference (c¢) is a report on the performance of 1000 1b. Low Drag
G.P. Bomb Type EX 10 togcther with recommendations for heat trceat-
ment of this bomb casc to improve its mctallurgical propertics.
Reference (d) is a rceport on the performance of 1000 1b, Low Drag
G.P. Bomb Type EX 10 Mod 3 togcether with recommendations for heat
treatment to improve its metallurgical properties. The Type EX 10
Mod 3 bomb differcd from the Tvpe EX 10 bomb in that inserts for
screw-in suspension lugs werc provided in thce bomb body, the nose
section of thc bomb body was heavier, and the thread diamcter of
the nosc fuze hole was increased to threc inches.

MY a mrnveand DamT o bl

Hild LU}_JUJ. VLV UCULY Whodz
G.P. Bombs Typc EX 10 Mod
malized condition.

4, OBJLECT OF TEST:
Thesc tests were conducted to determines
a. The maximum armor plate or coneretc thickness which each 4

type of bomb will penectrate and remain in an cffective bursting S
conditione.

CONF IDLNT IAL
SECURITY INFORMATION 4
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b. The degrce of acceptablce deformation of each tvpe of bomb
rcsuliting from impacte.

c¢c. The condition under which each type of bomb will fail.
d. The chcmicel and mctailurgical properties of the bombs.

5. PERIOD OF TEST:

2. Date Project Letter 14 Scptember 1951

b. Date Commenced Test 5 October 1651

ce Date Complcted Tost 5 November 1951
PART C

DETAILS OF THST

6. DESCRIPTION OF ITiM UNDER THEST:

Twenty 1000 1be. Low Drag G.P. Bombs Type EX 10 Mod 12 described
by refercnecc (e), whiehh is inelwdaed as Figure 10 in this report.
The Type BX 10 Mod 12 bombs dificr from Type BX 10 Mod 3 bombs in
that the threads for the nosc fuze hole have been increased to
3-1/2% diamcter. In addition, ten of thc EX 10 Mod 12 bombs were
submitted for test with heat trcatment as recommended by refer-
ences (¢) and (d)3 that is quenched in oil from 1500°F =2nd drawn
at 1100°F, followed by a watsr quench. The remaining ten bombs
were submitted for test in the normalized condition to conform to
the treatment given the Typse BX 10 and Tvpe EX 10 kiod 3 bombs in
orduer that conparative tests might be conducted betwesn normalized
and heat treated bonmbs,

The twenty BEX 10 Mod 12 bombs used in this test were inert
loaded with a vermiculitcwcement filler of 1.55 spceeific gravity,

7+ DESCRIPTION OF TZST EQUIPMENT:

Guns 14"/50 Mk 11 Mod O, No. 119L-2

Charge: Various weigats of Sphero-Hiuxagonzal Black Cannon Powder

Targetss Nominal 1-1/4", 1-3/8" and 1-1/2" STS armor plate 24",
30" znd 36 structural ceconcrete reinforeced 3 ways with
3/4" rod on 6" centers.

CONFIDLENTIAL..
SLCURITY INFORM:TION
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8. PROCEDURE:

The bombs were fired against STS armor plate targets of various
thicknesses at velocitics ranging from 638 ft./sec. to 922 ft./scc.
The heat treated bombs were fired =zgainst the reinforced concrete 7
targets at velocities ranging from 874 ft./sec. to 890 ft./sec. All
tusts were conducted with the target at 20° obliquity. The targets
were sccured in heavy butts and backed by a sand pile, which served
As the rccovery medium. HEach typc of bomb was recovered after
firing and exanmined prior to firing the next test on this program.
Velocities were measured in the standard manner, using solenoids
and oscillographs. Samples were cut from ezch of the following ‘
listed bombs for metallurgical examination: NORM-2, NORM-9, 2 & D-11, {
and Q & D-18. '

9. RESULTS 4ND DISCUSSION:

a. Ballistic test conditions and results arc given in detail
in Tables III through XIV of appendix (B) and Figures 1 through 9
of Appendix (C) and are sumnarized in Tsblzas I and II of Appendix (8.
Briefly, the results were as followss

(1) Four of the normalized bombs were fired against STS
armor. The Tirst bomb was fired against 121 STS armor at 838 ft.bec.
and was reccovered in effective condition with mecderaote flattening
on the body nose section., The noxt two bombe were fired against
1¥38 STS at striking velocities of 922 ft./sec. and 865 ft./scc.
Both bombs werc recovercd in ineffective condition, onc being
cracked fron the nose to 26" back and the other having the nose
scetion bent and broken onen., The fourth round wzs fircd against
1921 STS at 899 ft./svc. and was recovered in an ineffective con-
dition with the nosc broken off. A4s a result of these tests, it
was considered that the plate linit of the normalized 1000 lb. Low
Drag G.P. Bomb Tvype EX 10 Mod 12 ot thcese test conditions was less
than nominal 1-1/4" STS armor »latc.

(2) Four of the huat trezted bombs were fircd against
STS armor plate. The first bomb was fired against 1¥21 STS arnor
at 911 ft./scc. ond was recoverced in effective condition with
- nodvrate to severe flattening of the nosc bedv scetion. The scecond
L bomb was fircd against 14¥38 &TS crnor ot 855 ft./scc. and was re-
covered in effcective condition with moderate flattening of the
bomb body. The third round was fired against 1450 STS armor at
872 ft./sce. onéd was rccoverced in ineffective condition being bent
with the nos¢ broken off. Thce fourth round was fired against

: CONFIDLNTIAL
' SuCURITY ITTFORMATION 6
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1938 STS armor at 850 ft./sec. and was recovered in effective
condition although severely worked on the nose section. As a
result of these tests, it was considered that the plate limit

of the heat treated 1000 1b. Low Drag G.P. Bomb Tvpe EX 10 Mod 12
at these test conditions was nominal 1-3/8" STS armor plate.

(3) Four of the heat treated bombs were fired against
reinforced concrete targets. The first bomb was fired against
24" reinforced concrete at a striking velocity of 888 ft./sec.
and was recovered in effective condition with very little body
deformation., The second bomb was fired against 36" reinforced
concrete at 890 ft./sec. and was rendered ineffective as the bomb
broke into two pieces in the target. The third bomb was fired
against 24" reinforced concrete at 874 ft./sec. and was recovered
in effective condition with very little body deformation. The
fourth round was fired against 30" reinforced concrete at 886 ft./sec.
and was rendered ineffective as the bomb broke into two pieces in
the target. As a result of these tests, it was considered that
the heat treated 1000 1b., Low Drag G.P. Bomb Tyvpe EX 10 Mod 12
would penetrate in effective condition 24Y reinforced concrete.

b. Metallurgical Examination

Metallurgical examination was made of norialized bombs
72 and #9 and quenched and drawn bombs #11 and #18 shown after
firing in Figures 2, 5, 2 and 8 respectively. The examination
consisted of chemical and spectrographic analysis, tensile, Charpy
impact and Brinell hardness tests, hot acid etch and microscopic
examination., The test samples were cut from the least damaged
sections of the side walls of the bombs after firinge.

The results of chemical and spectrographlc analyses were
as follows:

Bomb No.  C  Mn P s si Mo Cr @ Ni
2 NORM A2 1.75 016 .021 .22 32 .08 Trace
9 NORM .34 1.37 .020 021 W18 31 .09 L
11 Qé&D 41 1.64 016 024 .18 22 .09 .
18 Q&D «37 1.64 016 .021 21 32 .10 Ui
CONFIDENTIAL

SECURITY INFORNLTION 7
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Longitudinal tensile test and average Brinell hardness
results are shown below:

Bomb No. <28 Dosed.  Bibie  Bloan. S 3000 Kk g
#2 NORM 95500 123670 17.9 49,3 251 :
#9 NORM 65850 101670 23.1 5342 202 |
#11 QaD 90870 119670 20.2 61.9 249 ‘
#18 Q&D 107500 127000 17.5 58.1 270

The tensile test results are averages of three specimens from
each bomb,

Longitudinal Charpy V-notch impact tests with the notch
normal to the plate surface were made in duplicate at 100°C,
+°5°C (room temperature), 0°C, ~4Q°C and -78°C excepting for bomb
#2. On this bomb, the testlnﬁ at -78°C was omitted and additional
tests were made at +65°C and +4=°C The results of impact tests
are shown in Table XV and Figures 11 and 12, Appendix (E).

Transverse sections etched for 20 minutes in 50% HCl~-
50% Hy0 at 160°F are shown in Figure 13.

Typical microstructures at 250X and 1000X are shown in
Figures 14 to 21, inclusive. Chemical analvses represent a non-
standard manganese - molvbdermunm steel which is similar in composition
to the analysis of previous bombs reported in references (c)
and (d). The analysis of bomb #9 is somewhat lower in carbon and
manganese contents which accounts for its softer physical properties,
The tensile properties of the quenched and drawn bombs are not
appreciably different from those of the normalized bombs previocusly
examlneﬁ, bombt #18 being only siightly harder. However, the bene-~
ficial effects of the quenched and drawn heat treatment manlfests
itself in the tempered-martensitic microstructure in Figures 18
to 21, inclusive, and in the combination of higher values of
tensile, hardness and impact strengths exhibited by bombs #11 ;
and #18 The deep acid etch tests as shown in Figure 13 indicate
sound steel in 21l four hombs. ‘

CONFIDENTIAL ' :
SECURITY INFORIIATION 8 z k
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Considering the points on the Charpy impsct curves in
Figures 11 and 12, where the fractures become 50% granular and
50% fibrous as the transition points between toughness and
brittleness, it will be noted that the normalized bombs #2 and #9
become brit%le at temperatures of approximately plus 25°C and 0°C
respectively, whereas the quenched and drawn bombs #11 and #18
become embrittled at approximately minus 50°C and below minus 78°C
respectively. This indicates that the quenched and drawn bombs
will be more cffective at sub-zero temperatures than the normalized
bombs.,

PART D

CORCIUSIONS

10, It is conecluded that:

a. The maximum STS armor plate thickness which the 1000 1b.
Low Drag G.P., Bomb Type EX 10 Mod 12 in the normalizcd condition
will penetrate and remain in effective bursting condition, at
velocities ranging from 838 ft./sec. to 922 ft./sec. and 20°
obliquity, is less than nominal 1-1/4" plate. This is to be
compared with the 1000 lb. Low Drag G.P. Bomb Tvpe EX 10 Mod 3
which effectively penetrated nominal 1-1/4" STS armor plate at
the same test conditions, Both Mods of these Type EX 10 bombs
are in the same heat treated condition, the only design difference
being in the thread diameter of the nose fuze hole, Since the
failures of the Type EX 10 Mod 12 bomb originatcd from or around
the nose fuze hole, it is concluded that increasing the diameter
of the nose fuze hole from 3" in thc Pype EX 10 lMod 3 bomb to
3-1/2" in the Type EX 10 Mod 12 homb has resulted in decrcasing
the thickness of STS armor plate the bomb will penetrate in an
effective condition.

be The maximum STS armor plate thickness which the 1000 1b.
Low Drag G.P. Bomb Type EX 10 Mod 32 in the heat trcated condition
will penetrate and remain in effcctive bursting condition, at
velocities ranging from 850 ft./sec. to 911 ft./sec. and 20°
obliquity, is nominal 1~3/8" platec.

CONFIDENT IAL
SECURITY INFORMATION 9
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c. The maximum thickness of reinforced concrete the 1000 1b.
Low Drag G.P. Bomb Type EX 10 Mod 12 in the heat treated condition
will penetrate and remain in effective bursting condition, at
velocgties of 874 ft./scc. and 888 ft./sec. and 20° obliquity,
is 244,

de. Bombs heat treated by quenehing in oil from 1500°F and
drawing 2t 1100°F followed bv a weter quench have better ballistic
qualities than those produccd by normalizing only.

e. Quenched and drawn bombs have lower tempercturcs of tran-

sition from ductile to brittlc¢ behavior and thus would be more
effective at low temperatures than normalized bombs.

PART &
RECOMMENDAT TONS

11. It is rccommendced that the design of the nose fuze hole be

reviewed for the nurpose of strengthening the structure at this
point.

CONF'IDENTIAL
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Terminal Ballistics Department

This report was prepared by
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Terminal Ballistics Department
J. S. STEWART, Lieutenant, USN
Assistant Batteries Officer
Terminal Ballistics Department

W, Hoe HALL, Metallurgist
Terminal Ballistics Department

s o . —

This report was reviewed bv:
R. H. LYDDANE, Director of Research
Terminal Ballistics Department 1
E, L, LeVSTIK, Lieutenant Commander, USKR
Teriminal Zallistics Batteries Officer
Terminal Ballistics Department
W. B. ROBERTSON, Lieutenant Commander, USN
Terminal Ballistics Officer
Terminal Ballistics Department
C. C. BRALBLL, Director of Research, Ordnance Group
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Captain, USN
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TABLE T

Summary of Firing Conditions and Ballistic Test Results

Bomb
Noe

Imp,.

Nos Obla

Thick-
ness

Stre Vel,
ft./sece

Penets

Thru
Open

39328 NORM-1 20

39329 Q&D-12 20

39334 NORM-2 20

39335 Q&D-11 20

39351 NORM=-4 20

5 39352 Q&D-13 20

W
0
W)
O~
Pay

&
e
e

!

}..)
Py

N
Q

' 39365 NORM-9 20

39376 Q&D-19 20

) CONFIDENTIAL

1321

1%21

1938

1g38

1%38

1950

‘ SECURITY INFORMATION

838

91l

922

855

865

872

)
Wt
O

899

888

C

Q

LA0XLN

1LRX1LN

lh"Xll&“

1414

ll.}"Xll&“

1LnX1L"

o b3 4

he B 1 wa
.LL'»" L4

lhﬂxlh"

18%x18n

Condition

Effective and
intacte Moderate
flatteninge

Effective and
intacte Moderate
to severe
flattening.

Severely bent and
drawn-sides flat-
tened, cracked
long from nose to
26" afte

Effective and
intact. Moderate
flatteninge

Not effective~ .
bent and broken
open on nose
sectione

Not effective-
bent and broken
open on nose
sectione

Effective and
intacts Severely
worked on nosea.

Not effective=
broken open on
Nnosee

Effective and
intacte Very
slightly bent
and worked,

APPENDIX A
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TABLE I (Continued)

Imp, Bomb Thick- Str. Vel,. Thru
No, Nos Obl. _ness ft./sec. Penets QOpen
39387 Q&Db-17 20 36 890 35w 15nX20%
39416 Q&D-18 20 2,0 874 C 19wx21w
39438 Q&D-20 20 30m g8é Inc, 8WXl0w

CONFIDENT IAL
SECURITY INFORMATION 2
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Condition

Bomb broke into
2 pieces, Nose
through and off,
Base stuck in
blocke

Effective and
intacte No,
deformation,

Bomb broke into
2 pieces, Nose
through and off,
Base stuck in
block,
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TABLE IT

Comparison of Heat Treated Bombs

Normalized

1¥2%k 838 0K
1438 922 NG
1%38 865 NG
1%¥21 899 NG

T

! , CONFIDENT IAL
I SECURITY INFORMATION

Quenched and Drawn

1321
1838
1%¥50

1¥38

248
36w
24%

307?

911
855
872
850

888
890
874
886

0K
0K
NG

oK

0K
NG
OK

NG
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File No.

OBJEcT AL, 0 L

L.

[ 71 F
7

39329

InpacT No.

Butt Firing

pact Datg /€~ 5-5/
U.S. Naval Proving Ground o
Burr No. g
Dahlgren, Va. /¢ - - 271 184
TE=7 L5 “LE Lot PEABL o

REFERENCGE NP.G LETEER "/ o o o 7 .-,

£ 22 DATED

PLATE Ao PROIEEHLE
(auge [ _ Caliber .97
(’lass TS ) Maker /Y, 7"‘. .jg .
Maker _ g7, € </ / _ . Type &, L Lo LA
Noo £HG¢ G Group b= 0% Lot No. __— Year of Specification —
Contract [./;,, [ /ST - PRAF Mark £x. /¢ Mod. /2 No. p#g- /o
Date received -2 . &/ Date received
Dimensions __ 355" ¥ £ 72" ~Gappedsor uncapped

No. of impact on plate

VA Weight—(capped)

Thickness at impact /2 Weight (uncapped) 734 = .
' OBLIQUITY 20° Length (uncapped) ___7¢, Sz _
‘ Impact dimensions /¢y i5" Fuze Nop 275
| PENETRATION Comis s 78 Filler VEL G Ehd T4
Flaking front -7 _ Flight by screen _ - L
Flaking back I Condition after firing:-
Dist. from top, bettem 5" EFFECTIVE or iNEFFECTIVE
Dist. from right, deft oo
Dist. from nearest impact 27" %Wu/@ R NI

Dish

-y
i
4

7
/Aii

Spur

%’ A M‘ ? L]

('racks - Bulge

4

Jutton (ThrowniStasted)

Through Opening

L[4 AR

BALLISTIC DATA

NoTE:

All limits are for this

-1- -2 -3- [ o 5. -6 Sk

Desired tannt, estimated Actunl adjusted | Liinit, for nominal | Limit, for nominal

Osecillograph | Chronograph

to romanal gnnuge | gauge, buxed on |xauuge, established

for this thickness
lle;te and thr- obliquity 'ufmuuwl. l:l;;«(;;x‘:;:::;o?zm :’:Z.r;}z:‘l’u:r:p:c:\:d
N only. L /; z‘j"*l?? calumn 4)
Surking ety 0| Z)t |
‘. REMARKS ... .. . - - .-
nN - - - T

Limit shots only
efd.
Flefd, &) .....

] N.D.G.

K éy/‘/ I,

Photo. No, f':'("_‘ o

/Y "/5'{3' SRR

’\EC{ RITY INFORM. ’LTKUE\

e a—




File No. _ ] - ‘ -
Butt Firing hiract No. 393234

. Iupace Date /O-— -5/
U.S. Naval Proving Ground ‘ 7
o/ Burr No.
Dahlgren, Va. /O- 7~-/ 194

Owssor AALLIST 18 _TEST™ OF /002 LE. Low DRRE &, F Aot

TYPF FX /0 ,
REFERENCE N.P.G. BEFEER _7swme 10 o, /0%  DATED
PLATE ‘ Bomé. PROJECHEE-
Gauge /27 Caliber /3,976
Class _ST7TS ” . Maker_ .7 o, g
Maker___ (LARKEG4£ Type _ Lpu! DRAG 6.5
No. _fg45 70/ Group (7. 536 - %493 Lot No. — __ Year of Specification _ _.-
Contract_0fpes’- #35-5- szne . C Mark. £ X /p Mod A No. &’Qé’g’z* 2.
Date received  SF=£r J/, /G LU Date received
Dimensions TS50 X 249 /6 . Gapped-or uncapped
No. of impact on. plate 4 - VWeight-({eapped) -
Thickness at impact AT 4 Weight (uncapped) R 5P
. OBLIQUITY 20’ Length (uncapped) g2, 00 i
~ Impact dimensions 2L Y S Fuze NOA 2
PENETRATION Lo 72158 EFE Filler VEL 26 M ITE
Flaking front 2 Flight by screen
Flaking back & Condition after firing:-
Dist. from top, -bettem 29 EREECTIVE or INEFFECTIVE
Dist. from right, deft g8 "
Dist. from nearest impact N
! Dish - B
Spur A
Cracks - Bulge 2 :
Button (Thrown)gStarted)
Through Opening. A2 Fi % o :
: "BALLISTIC DATA .
NoOTE: ' -1- B R 4 | s & A
All limits are for this DSt sd i fealiceant [Cmsnmsca s B LES Lot R e wﬁﬁﬁfé;n'ﬁiﬁi?' e e
plate and this obliquity of impact- e L
only. . ) column 4)
}IE BIv
Striking velocity (f.s.) q{;}li
REMARKS - - - - oo e oo e e e e e
=crmmmom - e “{:"-"??‘.;,"?55\5%',"?‘*‘?‘\7?%";_‘.{.,;;"" - I e e
‘ Limit shots only SABINL 55 TA fg; _heceptance.or.Rejection. recomTieided
' ’ Y[ BMTERITY FORnaa t‘i"(;":“( -------- Fom oy e mmmmmm oo -
.1 O F(ed, @) e T - fbi_'}f ]m i
N.P.G. Photo. No. NP} 41297 s frell 2 S ML - n§Navs

gows 1450 ME 1 Tip - HITEZ (e




File No.

U. S. Naval Proving Ground
Dabhlgrer, Va. /6} ? 57/

TEST 0F /000 Lot ELEE &0 Boml

OBJECT .,i‘};if'ii/.S T
L TYPE EX [0

Butt.

Firing o Imracr No. 39 335"
Impract Darg /v)’i— »/
© Burr No, J
194

) "i&
REFERENCE N.P.G. LEFFER | Dl e e &l
PLATE
(iauge /), 2¢ B
' (lass 57'” I
| Maker L 1E N ——
No. _Lus7p / Group /7 .52 é—-zﬁ

Contract__gepre - #£37. S- $008 -

Date received ,..9?" . AL

Dimensions

?5’—/5"}( 249 /5"

No. of impact on plate ST -
Thickness at impact YA 4
+ OBLIQUITY Jo¢
Impact dimensions 4 x5 "
PENETRATION Lo FLETE i
Flaking front g L

Flaking back ]

Dist. from top, ~bettem 67 o

Dist. from right, $eft %"

_}w«:-- Lo & . DATED. _ _
ﬁg__w/“ PROJEEEHEE-
Caliber L3. 979
Maker Mo T oo
Type 6. P Leow! DLAL
* Lot No. = Year of Specification  —

Mark £y /0
Date received

Veetghi~{espprd)

Weight (uncapped)__ I2%, . ,3? #

Length (uncapped) _ zg{ bk

Fuze MNEHE

Filler____ pradmid ult re

Flight by screen _

Condition after firing:-
EFFECTIVE orINEEFEECTIV.E

, Dist. from nearest impact _33 il

Pt ocltiran, L mﬁf .

Dish
Spur Al

Cracks ~ Bulge Wz,

Button (Thrown)(Stested)

-
———————

Through Opening____ L4 ¥ /¢ 9. -

Il
¢

BALLISTIC DA'I’A .

] .

NoTe: -1- -2- -3- B 2 : -H B b -7-

) Dusired Oscillograph | Chronopraph Limit, estiated Axln.u whusted | famit, for nonunal | Limit, for nominal
Atl limits are for this : for tlus tiochig s o varmmal winge, Traage, based  on | wange, estabhished

atle ¢ auity )f:m{mct thos ynpact only. fronm column 6 and
;)L;L( S nhh(lu”) CAdjirsted  fromy 5} previoun imphets,
only. } olunn §)
i !/ .
TIERY |
Y

Suking velooy (fls) g_{'f

KEMARKS. ... .. el .

\' : l.imil shotls only
l ] e/d . .. .
| ' I (t/d ~) SR

’ N P (I ] h()l() 1\” 3\4‘ 5, 1\‘?’7

: oy /4/ o ok 1 el — #NTEZ

" CONF DENTIAL mmww‘

 SECURITY INFORMATION

-

éﬁf’f}y B

ﬁ/\f’AELE "_\ZI

Mod L2 _No. Dt 2.1}
_ “Gapped-or uncapped .

[ Digoney

__ E




IS Butt- ang IMpacT No, 3 '?3 5/
] fupact Datg /@ - /7= 577
U.S. Naval Proving Ground Burt No. /&
Dabhlgren, Va. /€ - //“\5“/ 194 . '
5 .
Opigcr. L2 ALL1ST1E. T EST LF Lo0c LE. &1 F Lo DRH-& . |
Bo2iili TYFPE £X /p -
RersRENCE N.P.G. LEEBRR. 5y .. 5= 29, 1.0 3 DATED
PLATE U s PROJECTILE \'
Gauge /.22 Caliber /P 972,
Class 575 Maker N T, a4
Maker CHENE&t £ Type &, P, Lol REHE ,
No. AysPp f Group & -Sz24-392 Lot No. _— Year of Specification_— .
Contract__gepre - 439.5. sooe. &, Mark__ Fy /0 Mod.__/%. NofMafen-H |
Date received 527, 1/, /74 4 Date received — . i
Dimensions ___ 254 % y 242 72" Sepped-or uncapped ~ |
No. of impact on plate £ . Weight{capped)
Thickness at impact g Weight (uncapped) Fa3g 2 #
OBLIQUITY i Length (uncapped) o G
Impact dimensions (4 Yt ¥ Fuze NOwE -
PENETRATION (Cazw &€ Filler VERTIIFELIL o5 5
Flaking front Vi _ Flight by screen
Flaking back 7 Condition after firing:-
Dist. from top, bettemr R+ . FRFECHVE or-INEFFECTIVE
Dist. from righ#; left /25
Dist. from nearest impact 33 *° m&mﬂm
Dish g bt o Brd ) D R i S
Spur z
Cracks - Bulge 2
Button (Thrown}(Started) .
Through Opening VA L
) 0G . ) BALLISTIC DATA |
Note: S -2- 3 -4- 5 6 -7- E
. Desired Osciliograph | Chronograph Limit, estimated | Actual. adjusted | Limit, for nomina! | Limit, for nominzi
All limits are for this for this thickness | to nominal gauge. gauge. based on }gauge, established
plate and this obliquity : otiimpact H éﬂi’ffémﬁﬁ;, e oo i
only. W/f 1 column 4)
Striking velocity (f.s.) gé{
REMARKS . - - . o oo oo e e e e
----------------------- { ﬁ*ﬁ_ﬁ;ﬂt'*“-----' T
S RN R S VAL TAE L it {
Limit.shots only 'SE'CUK{’,{ Y o ‘; { B ,f L33y AcceptifiitEorRejestionrrecommended i
/8. e e S UK A7y AN mmeeee- R S
" F(efd, ©) o . i, }’w;w _____________
1 267 i e oo LS Navy—

N.P.G. Photo. No.:’\}f?ﬁ" LD 2
| | apnt 18 s M e - G2




[ile No.

—
) o AL T
. srar o N I SN
Butt ang Israr s Nooo oo 7/‘ y
. . Lapact Daty /&@a//= 5
U.S. Naval Proving Ground B, N e
2 3oty ("
Dahlgren, Va, /O0-/1/~ 577 o4~

ORJECT /)/“ £T

Borsris ){}.Z’ EX /2

IE TEST CF JI0C 48, &/ Lo OHhE

REkkrENCE NG EERER w7 - o 7 :"z =¥ l DATED I
PLATE #5’5 211 E -PROIECTIHEE

{uge /e 5‘0 — (aliber /3,992 - e
Cless s773 Maker N7, o

Maker 287 ih scgEsd Tyvpe G P Lo PEPRE . |
No. [J"i:;'_é_ég____ (.roupéz Sob <773 Lot No.o . — Year of Specification — ;
Contract o -]55 s - 725 F Mark EX f@ ~ Mod. /& _No. th? /3 !
Date received Aél //- f/ Date received ~ I

Aappedwer uncipped
Weightotcappeds
Weight (uncapped)

?//f"‘"_

Dimensions _ g4 " P, L
No. of 1mpdct on plate ~ o
Thickness at impact /50
OBLIQUITY ADE .

Impact dimensions
PENETRATION COZrad s & ¥ 2

VESD &7 3

Length (uneapped) 78. 207

. Puze _ _NowES
. Filler CPEL IS TE.

I l]ght by screen

Flaking back &

Condition after mm;z -

|
|
| Fiaking front a
|
|

Dist. from top, bottem 5§ "~

EHSeTIE ar INEFFECTIVE

/5
57/1

Dist, from _gight, left
Dist. from nearest impact

Bt ok Lo L. apar

UiSh_ 177 " W—M‘L e e
Spur s L L R
(‘racks - Bulge 7 e —
, Batton (Thrown)& — - - et
. . - p2
| Through Opening /Y S
BALLISTIC DATA
L ot 1. . 3. l - 5 ' -6 -
i Desred Oscillograph | Chrotoseaph § Fanat, eshiated Accnd advased Pt for aamaad | Lo, for nemeond
i All hmits are o this ’ I for dax tlaelne s Jlor oo 2 b s E).’.nu'-. iy “l. on guuro: ;-- uulli‘u.h.-«:
e and e olionuny R k] el
i (mi_\. , ) ' Cogutnt 41
. (- JHEAE l ;
| ‘ Stuking veloeity (.s.) g?:/_ ] !
AN REMARKS )
FUNNTTVT, TN S
-. = % — - s ..L.,é-}( 4 "~ ") A :~—' - . - L e
l‘ ‘ l.imit shots only SRCURITY a7 sl Avveptrneeei-dhgoctivi-secomaiehded
' e/d -

| Iiefd, &)

{’ N.P.G. Photo, No. NPﬁ

P /4 Jou Mp e Mok - #1742 AT LE YIIT




- -

File No. o
Butt 'Firing s N, 29567

" U.S. Naval Proving G 1 ract bate )& wf5=5 7
.. Nava roving Grounc v
) L1 No, A

) Dahlgren, Va. /&r /.3’--‘5’/ 154 .
()mm r;ﬁﬁ}![ PET 1. TEST O~ ,’3’74’.@“ A/f &oF Lo IR A
. TV bﬁ'___/f)_\’/ﬁ ' o
Rersnence N.P.G. EEEEER Sleep T 220 JOYE DAIED

o —

—— ke et e e r— - ————

PLATE - bemg . ~PRGYECTILE:"
Gange_ [, 38 : o (‘allbu‘ L B L
Class _ S7S © Maker. N Z___(:é). L
Vlakcr LBARNESGHE Type &, P . Lot f}é’ﬁ H~
D457 Group _(? . 52 323. Lot No. _____Year of Specification

(ontract L8, Q&jé-«&ﬂg 5. Sped - Mark £ - 78 Mod. /2. No. Q[@/}(
Date received __ 17 /i 4 Date receiv ed L
Dimensions 95 2/5 % 35&5 ,é:’ " —Gapped-er uncapped _

No. of impact on plate____7 . Weeight{eapped) } R
_ Thickness at impact ___/,''2 ,2 j Weight (uncapped) FRG, 2 i
. OBLIQUITY 9 02 Length (uncapped) Catdo
Impact dimensions A TAN Fuze //M';"‘] .
PENETRATION ___ (Toy;,m i 7 Fitler__ PELL Lol
Flaking front W, _ Flightbyscreen —
Flaking back . 4 Condition after firing:-
Dist. from top, bettem.  £p ~ EFFECTIVE orINEBFFECFIE \
Dist. from-sight, left . s2.% .
i Dist: from nearest impact___ 34 e MW/Z Mvm;_m’
| Dish 20 - RN
Spur . & S
o Cracks.- Bulge g e :
| Batton (Thrown)(Séexfedy. ' L e
| Through'Opening_ /?" )“’j o o 2 o _
S T - " BALLISTIC DATA.
| N . T T % -4 ' 5 -6- -7-
) A i)cs;:cd Osctllograph | Chronoszeaph Lamt, estomated | Actaal adusted |y Lamist, for nonnant | Limag, for nonnual
| All limits are for this.-{ i i - for v tnckne < ftomdogad caoge, | eaove, based - on framge, estabilbhed
plite and this obliquity ' . 1 bt drontedfn | oot
only- IEAY : j o
. Striking vdlocity (.89 i 1 5/527 . - ‘

| REMARKS. ..., .. ...

| CQNHBENTIAL :
:; e o”n“v"’.“."ﬂ' ©* " "SECURITY INFORMATION ,
; ofd.. .,..'. ....... - U '-‘ . ) ' .
‘J’ (ue/d O) e L’U’} szz_%z el |

. (1. Photo. No, F) §qg @L‘I “d"" e ,
I;'{- e ;' “/1"7‘ 0 Iy BN amw 4-& ”,.f.




vt o

]

|

B

Fl N ............. -
o Butt Flnng ImpacT No... 372657

IMPACT DATE.....! (’w/é-— A
U.S. Naval Proving Ground 2 -
. BurT NoO. .. e .
Dahlgren, Va.. Lo tb-51 . 194

i 4

OBJECT Lﬂ"»l‘;':iﬂ; frs87 10 TEST  SE Jol 28 / 2 Lot L 2 e
Lo B S
REFERENCE N.P.G. LETTER_& Tutrs. 201 Do, 0% DATED
PLATE " Fomg . PROJECTILE
Gauge b= Caliber /Y
Class S7T5 Maker N7, Er.
Maker  yp.s, <z =5 Type 2N SR TR Y.
No. r ,/(:4 <?¢7 Group . wsf Y76 Lot No. Year of Specification .
Contract’ NELO w )55 = = T j o Mark ~Fxr /2 Mod. /= No. N7/ -9
Date received Az 5/ Date received —
Dimensions ____ g4 « 2 Gapped or uncapped
No. of impact on plate 5 Weight -(capped)
Thickness at impact /: 5,0 Weight (uncapped) TN
- OBLIQUITY g Length (uncapped) TG o
. Impact dimensions /% g/‘/é Fuze Viaya
PENETRATION Aoomsf, ST Filler JEE e g g
Flaking front s Flight by screen
Flaking back £ Condition after firing:-

Dist. from top, bettem < 77
Dist. from zight; left /8
Dist. from nearest impact __ #¢ "

EFFECTIVEwr INEFFECTIVE

@’L{-ﬂgﬂu .=, WAV o .ol

Dish 2
Spur 2"
Cracks - Bulge A
Button (Thrown){(Started)- ‘
Through Opening 1e X L5
. BALLISTIC DATA
. Notg: 1- 2 3 . -4- -5- 5~ -7-
imi i d i. sdjusted | Limit, £ inai | Limnit, fe inal
ATl lmits ave for this | DU | Ontlosmoh | Chmnoanoh | thickness |t norsinel maupe. |cands, besed on [gauge, eatabllahed
blscefendiuhis Chlinaity | ot ) et
5 lumn 4)
MMESL ®
Stri " ng welocity (£.5.) g !;757
REMARKS _________________________________________________________________________________________________
""""""""""""""""" f,;?,:-' "":J';;n.';;;f.};"Z.;"'"""""""""'"""" oTTTTmmTTTTTTTTTTT
e .
""""""""""""" S’“C’Ci{v[’f'"ﬁ" TGN T T e T e
lext shots only Sl ON Aceeptance-or-Rejection-recommernded
LY U ] _________________________
Fle/d, ) oo 4 - ___&fw j‘f«t b_'.’?! ............
N.P.G. Photo. No.__ NPd=Hiweo ot Socge.
ot Iy Ee IR BT TA@LEE




File Nooooot = - 37294

2 - Butt Firing Imeacr No... & e
. IMPACT DATE /(/m Lhdd.,
U. S. Naval Proving Ground )
l BUTT NO. oo /o e
i Dahlgren, Va.. . /.0 L8851 194 .
| OBIECT__ AALF15T 1  TEST ASK  Jpoe Al 5.5
248 20743 TYEf LY L0 8 PN ) ,
REFERENCE N.P.G. BEEEER__ 51, 25 o1 e /025 DATED
| —PEATE - T Bems . PROJECTILE
Gauge 2@~ fonigle 7 PLpoto Caliber /3. 974
Class ~ Maker N, T 25
Maker Type G P dpee! LOF A
No. _No_afem s g, Group - Lot No. __~ Year of Specification —
Contract Mark £x /o ' Mod. /2 No.p & -/7
Date received , Date received -
| Dimensions lp' X s -Capped-or-uncapped
No. of impact on plate ' Weight -tcapped)
Thickness at impact 2y Weight (uncapped) 55,4
| OBLIQUITY 20° Length (uncapped) 7&, 55
Impact dimensions /A g Fuze NLE
PENETRATION /7/ 221 ETTE Filler [P L.‘ o /';f'f'-'
Flaking front 5.7 v 572 Flight by screen
Flaking back T / P Condition after firing:-
Dist. from top, :hﬁttt)m 72 EFFECTIV er—I—NEFFEGT-«IV E
Dist. from right; left ya f L ba
i Dist. from nearest i?act é’ ; A g
| Dish Vi, olec b Ty Hren |
Spur /7 Jj © !
Cracks - Bulge /) _ -
Button (Thrown)(Started) — , _
Through Opening__,4» yr sy . _ R T .
- . R — BALLISTIC DATA _
NoTE: R =2 -3 -4 T T G
ANl limits are for thls | D | Oselemmemh | Chronegranh | S beknces | o nomenat . cvuge, based on |gauge, ceabliahed
psto and this oty | i ket B OO

| . /)7}:/’”/ | column 4) o .

' N i _Striking velocity (f.s.) F (qu ' v . ! :
‘ RFMARKS--/ if_m_ _______ ?ﬂﬁéﬁt‘gy{ﬁ{ _-:Z&**v_‘__ /y.fi&mu_-,;_--.v-__x;f .La_-__f?'“?:-‘«_«:_ét_é'_v‘:c _________
5_-,- g &i?{; " P s . :ﬁ' . . ___4»;9‘&@-6"5,..____&,(_. . "5_” _____________ .

ot ‘ P it et ___Acy.@-_v _éxaf.4---2'¢7_-
‘ Limit hots only ST M"i AEWW
; efd . .- e @ONEXEE%?W E‘&:"““““?’”‘“‘“" o5z m s
. F(e/d; ©) omoememeoeeee SECURITY INFORMATION i slSvaifog: |
, N.P.G. Photo. No. NP = 5146k IO £4@p o U.S Navy .

é{/’/‘r LAy Yse /?1/: // JreE o W cm,gf ey ‘ ‘ I




. ' Butt - ang Ineacr No..-3. 7387 . _
b U.S. N lP. G 4 " ImMPACT DATE. /0 >(v "457
ava rovmg roun BUTT NO -B

‘ Dahlgren, Va._./. 0/'2 5// ‘f5'/1~94r

ol
OBJECT,.J@AAMTML TESI_ 0!‘ ’00‘)/5 (' £ L ow D&“ar

i Bomb Ni Fxivo~-72 .
REFERENCE N.P.G. EETTER :‘:,f’,u,ufu o e w:’f: DATED__
P’l !q-_ul—‘ . * P , = E 4
! ’ e 4 o % &
‘ Gauge 356 Copcwr TE Lho c/< Caliber JE ?ﬁ.?r e
. Class Maker____ N7 (oo . 3
Maker Type . f Low Dwn &
No. L Group Lot No. . Year of Specification_____
Contract Mark Fx s Mod / 2 No.Dp¢g-11q '
Date received Date recaived ;
Dimensions Capped or uncapped :
No. of impact on plate / 4 “Weight (capped) sk
Thickness at impact 2 (,," Weight (sneapped) g3 o
OBLIQUITY ' 2 0° . Length (uaeap‘p’é‘d‘) 7 £ 68
. Impact dimensions JL"X 3T - Fuze HoME
PENETRATION RanT A Filler . Wy it i o g AT
Flaking front Ty .!f g Flight by screen
’ Flaking back N O N Condition after firing:-
Dist. from top, bottom _ g i EEFEECHVEor INEFFECTIVE
Dist. from right, left - .
‘ Dist. from nearest impact 0 Errke imer  haoe
Dish Mo = Ja Loty MMC. TF e Jm..
| Spur MoK Lot it Lo 7? Hdd 4:!'““3 o’
Cracks - Bulge NoNE _ /zrfmfm .
Button (Thrown)(Started) NVaN = : R ’
(  Through Opening £S5 X 407 e L
| . . T 'BALLISTIG'DATA
;} NoTE: A R 2 [ }._,-3:—" ol e CE e el =3 A .
Il All limits> are 'for this BoAiesd, .. tiiceian crr,omml?h fo:"h:f::: iiﬁlﬁiﬁ gﬁﬁﬁan‘fﬁl‘ff :::%:'.fo;g;):dml’:s: ;":l‘e":um:.d
. plate and this obliquity ) __ . o frof bnpoct, ; ‘:‘x d';""::;“;.""t fmmi"::“": :c:::d
{? only ] 5 | ] i - | i J‘co!amu: “ roim ~prcvo tmp. 5
' 5 I 7] I A 3 el
. 1 Striking velocity (fs.) ' ' 04? n t O . | ;
4 Rewakis. B x,_a__c_,i’\__ das T z‘fﬁz_&f_fﬁf'f%:_f_é‘-{.&,_qE,,.Q‘,S,,,,_,Sﬁr!&.g daFi. + |
l na 4Mﬁ£’j‘i_:£A_éL:’_é‘l:‘_§I£_,___ Lk o it o o . Jf-_w_c_._ﬁ- |
. _.__::%[/jf—_\z_-(____/*litff&’vg.-__;&ijlmt “xcg,---ﬁe}ma&&-;---,ﬁ.éxé;ﬁr-_
b TR A ./&’fd}..&- _-m ﬁ"_ﬂ-_- ,.é_%'ﬁfrf» ﬁ_;_ﬂ-@‘%ﬁda oo A0
| “ . Limd “. ‘q :,“4 -h(ﬁu?..w g *L 4& Jﬁ, 4- Acceptance or ReJectxon recommended . |
W el s B G SECURITY I ~~»-iu-u---.-=-— R ST
. ,.cj{dhn NFO i3 f A
l,; F(e/d @)-_._-_-_4-.,---__.. Mii‘@}]‘ 4---. ..... ross -—--i-- g
- ' g 3 ‘« ~ "é:;:t‘,if:,, .‘ » . ‘{ .
" N.B.G. Photo. No. NPF.x Sipez. e GERA o U NBRY
P Guu 1950 Mk /- ﬁ A/o /’/‘7'-;?\" N T




' R e L s ~ :
File No.o..lin .70 7 . !
! }l R . | Butt an Impacr No...3.9. L‘H @
i g .
( ’ : S 1] S Noval B G d JmpACT DATE.. /0,/3 ‘:’,'/I OU/
| / ‘ | * \ ava mvmg tound "BurT No. oo 17?«)‘1”43
; " Dahlgren, Va... e et 194
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CONFIDENTIAL NPG REPORT NO, 1073

Ballistic Tests of 1000# Low Drag, G.P. Bomb Type TX 10 Mod 12
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TABLE XV

V-Notch Charpy Impact Tests _at Various Temperatures

Bomb No, 2 Bomb No. 9 Bomb No., 11 Bomb No. 18
Testing Charpy Fracture Charpy Fracture Charpy Fracture Charpy Fracture
Temp.°C Ft.Lbs * Ft.Lbs * Ft,Lbs * Ft.Lbs *
-78 10 G 19 10F 36 95F '
11 G 20 10F 38 F :
i
~40 12 G 12 G 33 75F Ld, F |
; 13 G 15 G 28 50F 41 F
‘ 0 18 10F 23 4OF 45 F 45 F
’ 18  10F 27  5CF 43 F 46 F
i
+25 27 50F 48 F 45 F 43 F
(rt) 23 4LOF 47 F 47 F L5 F
+45 35 9CF
30 70
i +65 38 F
38 F
+100 38 F 48 F YA F 45 F
| 38 F 48 F 46 F bd F
|
* P denotes 100% Fibrous Fracture,
10F u 109 v n and 90% Granular Fracture,
’ G " 1004 Granular " 5
i
] T ‘ ’
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